riety of models displaying increasing returns to scale and imperfect competition (Elhanan Helpman and Paul R. Krugman, 1985) , this poor performance has distressing implications for these trade theories as well. In other fields of economics, the poor performance of a major theory leads to more careful consideration of the data and to new theories that can accommodate the anomalies. Yet years of research into why the HOV theorem performs poorly has only produced conjectures. It has not provided a deeper understanding of factor service trade, nor has it identified an alternative hypothesis that performs better. These two failings are the subject of this paper.
First, almost nothing is known about the features of factor service trade that are inconsistent with the HOV theorem. An exception is the Leontief paradox. However, it deals with only two of many factors in only one of many countries; that is, the United States exports too much labor and too little capital. Also, it is not a paradox (Leamer, 1980) , and it disappeared from the data at least 20 years ago (Robert M. Stern and Keith E. Maskus, 1981) . Thus, with the exception of a few laconic and outdated references, nothing is known. A goal of this paper is to demonstrate that the HOV theorem is rejected because factor service trade departs from its endowments-based prediction in systematic and informative ways.
Understanding trade in factor services rather than trade in goods is not simply an academic exercise; it is central to the conduct of trade policy. For example, the number of cars the theorem only used two of these three (e.g., Wassily W. Leontief, 1953; Leamer, 1984) . Second, this paper is related to a previous work of mine (Trefler, 1993 ) dealing with international factor-price differences. In that work I considered a variant of the HOV model that allows for international productivity differences. The variant necessarily fits the trade and endowments data perfectly, thus ruling out hypothesis-testing. In contrast, hypothesistesting is central to what follows. Also, in what follows I cover a wide range of alternative hypotheses and use the systematic patterns in the deviations from the HOV theorem to identify many models that perform poorly and two models that perform well. In contrast, my previous work only examined one model.
L. Testing the HOV Theorem Against
Statistical Alternatives Let c = 1, . . ., C index countries and f = 1, . . ., F index factors. Let VfC be the endowment of factor f in country c and let VfW = >c Vf c be world factor endowments. Let Ffc be the factor content of net exports, that is, the amount of factor f needed to produce the net exports of country c. Let sc = (Yc -Bc)/YY be the consumption share of country c where BC is the trade balance, Yc is gross national product (GNP), and Y, = Ec Yc. The following "HOV equation" is implied by the usual HOV assumptions (see, for example, Leamer [1980] or the proof below of a more general result):
(1) FfC = Vfc-ScVfw f= 1,....,F c= 1,...,C.
It states that if country c is abundant in factor f (VfC/VfW > sc), then it exports the services of factor f (Ffc > 0). The following data will be used to investigate this HOV equation. All data are from 1983 unless indicated otherwise. There are 33 countries in the sample which together account for 76 percent of world exports and 79 percent of world GNP. The choice of countries was largely dictated by the availability of trade data at a detailed industry level. There are nine factors: capital, cropland, pasture, and six cate-gories of labor. The labor categories are professional and technical workers, clerical workers, sales workers, service workers, agriculture workers, and production, transport, and unskilled workers.' Under the usual HOV assumptions the factor content of trade is (F, * .. , FFC)' = AT, where T, is the vector of net commodity exports and A is the "technology matrix" giving the amount of each factor needed to produce one unit of each commodity. A was built using the 1983 U.S. inputoutput total-requirements table and data on factor usage by industry from various 1982 U.S. industry censuses and the 1983 Annual Survey of Manufactures. The usual caveat about using U.S. technology to evaluate the factor content of non-U.S. trade applies here, albeit with less force since below the technology matrix will be modified in a countryspecific fashion. The relevant data are detailed in Trefler (1993) .
Factors must be expressed in comparable units in order to satisfy the statistical hypothesis of homoscedasticity. To this end let sf, be the deviations from the HOV theorem:
(2) S, =FfC -(Vfc -ScVfw).
Fix f and let of be the standard error of the ef, The weighted statistic equals 71 percent. That is, the sign-HOV hypothesis is more accurate when net factor service trade flows are large. Nevertheless, the statistic of 71 percent is far from the HOV null of 100 percent and uncomfortably close to the coin-toss alternative of 50 percent. In short, the HOV theorem performs poorly.
II. A View Through the HOV Window
In order to investigate the failure of the HOV theorem, consider its deviations, sfc = FfC -(VfC -scVfw). Surprisingly, plots of factor service trade against endowments have never been reported. Table 2 by , cJ 4/. 5 Note that K is equivalent to an integer indicating how many countries will be in CLDC. This integer nature of K and the implied nondifferentiability of the likelihood function have implications for the asymptotic standard errors of 6, and 4?j, but I have not explored these. Having found the maximum-likelihood estimate of (K, 6., 44), I treated the optimal K as a fixed constant and calculated the standard errors of (6c, of) from the second derivative of the log-likelihood function with respect to (6c, 4j). Table 2 presents the estimates of 6, from equation (6) for the unrestricted model T2 and the neutral technology-differences model T 1. Countries are ordered by per capita GDP, y,; y,lyus appears in column (i). The estimate of K (relevant only for hypothesis T2) implies that the top 10 countries in the table are included in CLDC and that the remaining countries are included in CDC. The 6c under the two hypotheses are similar, so that attention is restricted to T I. I offer three criteria for evaluating the reasonableness of the 6c's. First, they must be nonnegative; otherwise, factor inputs yield negative outputs. All of the estimated 6c's are positive.
Second, the United States is among the most productive countries in the world so that &c should be less than unity for most countries, as is the case. Arguably, the 5c's for countries such as Japan and West Germany are too low. Note though that for the countries with the largest 6c (Switzerland, 0.79; West Germany, 0.78; France, 0.74; Denmark, 0.73; Netherlands, 0.72; Japan, 0.70), the &c' s are similar, and the hypothesis that they are the same cannot be rejected. This suggests that it is the United States that has the unusual value of 6c.
Third, international productivity differences should be reflected in international per capita income differences. For example, if West Germany is only 78 percent as productive as the United States (6GER = 0.78) then one expects West German per capita Notes: Here yc is per capita GDP, and t is the t statistic for the null hypothesis that bc = 1 or a* = 1. T, is the restricted (of = 1) version of equation (6). TC2 refers to equations (12)- (13) Column (i) of Table 5 reports the OLS estimates of equation (7 Table 1 .) It is thus clear that a large class of models-which include investment, services, and nontradables-offer only limited insights into the poor performance of the HOV theorem. This is surprising because the hypoth-eses were custom-tailored to explain the endowments paradox and because the parameter estimates were as expected.
B. Armington Home Bias
It has frequently been observed that consumers display a bias toward domestically produced goods. Whatever the sources of this Armington (1969) I estimate the a * in equation (11) using OLS subject to the linear restrictions on a*c given by equation (10). Column (iii) of Table  5 reports the estimates. Many of them are unexpectedly small. For example, the United States gives only the small weight of a* = 0.02 to foreign goods. Also, it is difficult to interpret the negative a *. Nevertheless, all of the a * are less than unity as suggested by Armington home bias. Further, from the row for C2 in Table 1 To reduce the large number of parameters (6c, a*) from 56 to 24, I set bc equal to per capita GDP relative to U.S. per capita GDP, bc= yclyus. Statistics for the Armington model combined with bc = yclyus appear in row TC2 of Table 1 . The restriction a * = 1 is rejected (from row TCI of Table 1 Since 9a*/Op, < 0 and OaM9OTr < 0, the home bias implied by the estimated a * in Table 5 may reflect either primitive preference bias toward the home good or high tariffs and transport costs. Somewhat surprisingly, Oa * /sc cannot be signed even under strong assumptions about trade impediments and preference differences. This may explain the weak correlations in Table 5 between the estimated a * and per capita GDP. Equation ( (15) so that a2 = 52. From Figure 1 , the case of the missing trade can be summarized by noting that a2/52 = 0.032 (i.e., the variance is off by a factor of 32). This is reported in Table 1 in the "missing trade" column. Under TC2 the variance ratio is 2.2, so that the second moment is only off by a factor of 2.2. Thus, TC2 represents a significant improvement over the HOV theorem in dealing with the case of the missing trade.
By all these criteria the HOV theorem is dominated by a model allowing for Armington home bias and neutral technology differences. However, as indicated by the correlations between Ff, and Ffc ) not all the sample variation is explained. In particular, none of the models does well predicting observations for which Fft is small. This suggests a tension between the theory and evidence. Ff, small means that the endowment of country c is "similar" to the world endowment in a cone-of-diversification sense. Thus, while the theory predicts that the model will do best where endowments are similar (FfI small), the model actually does best where endowments are dissimilar (Ffc large).
VI. Caveats and Conclusions
The HOV theorem perfonns poorly and, by implication, so do increasing returns to scale and imperfect-competition models that yield the HOV theorem. Yet little is known about the features of national endowments and net factor service trade that lead to this negative result. The only known anomaly, namely, the Leontief "paradox," was reversed in the data at least 20 years ago (Stem and Maskus, 1981) .
In other fields of economics, the poor performance of a major theory leads to more careful consideration of the data and to new theories that can accommodate the anomalies. Yet in international economics, such important facts as "the case of the missing trade" and "the endowments paradox" have gone unnoticed.
The first contribution of the present paper was an investigation into the features of the data that lead to the poor performance of the HOV theorem. I identified pronounced patterns in the deviations from the HOV theorem. In presenting them I offered an informative graphical display of the HOV theorem. I view this as the most important contribution of the paper: in place of the countless theoretical conjectures about why the HOV theorem performs poorly, there are now several data patterns around which theoretical analysis can coalesce.
The second contribution of the paper was an examination of alternative hypotheses that could potentially explain the patterns. Models that contributed little to the explanation included those with linear expenditure demand, capital accumulation, nontradables, and trade in services. The importance of the specific alternative models I have advanced is in indicating which models are consistent with the data patterns and which models are not. For example, both the investment model and the Armington model were custom-tailored to fit the data, yet the former was a failure while the latter was a success. The model that performed best combined Armington home bias with neutral international technology differences. The results contrast sharply with those of Bowen et al. (1987) and provide the first rejection of the HOV hypothesis in favor of a satisfying, economically meaningful alternative.
More remains to be done. I am dissatisfied that some alternative hypotheses were datainstigated, because it implies that the reported test statistics overstate the rejection of the HOV theorem. Also, work is needed to explain why endowment similarity is associated with poor predictions. Finally, more detailed data are needed to investigate further the sources of international productivity differences and Armington home bias.
APPENDIX: MEASUREMENT ERROR AND OTHER SENSITIVITY ANALYSIS
This appendix summarizes the impact of alternate specifications on estimates of the 6, parameters for the neutral-technology-differences model T 1. This is a linear model, so that familiar techniques can be brought to bear. 
